Introduction: Coal mine dust lung disease (CMDLD), including the pneumoconioses, dust-related diffuse fibrosis (DDF) and chronic obstructive pulmonary disease (COPD), are occupational lung diseases attributed to respirable coal mine dust. Following the re-identification of CMDLD in Queensland in 2015, we undertook a case series to understand their radiological presentation. Methods: Chest radiographs and high-resolution computed tomography (HRCT) were retrospectively reviewed for 79 male individuals diagnosed by a respiratory physician with a CMDLD since 2015. Radiological findings were characterised as per the International Labour Office Classification System (ILO system) and the International Classification of HRCT for Occupational and Environmental Respiratory Diseases (ICOERD). Results: Subjects with pneumoconiosis (n = 56) demonstrated widespread opacities with bilateral upper zone predominance. The majority of the lung was impacted, with 72% and 79% of zones demonstrating opacities on chest radiograph and HRCT, respectively. Most pneumoconiosis subjects (71%) demonstrated ILO category 1 disease, while 29% had advanced disease (ILO grades ≥ 2/1). A high proportion (81%) of pneumoconiosis subjects demonstrated at least one radiological feature associated with exposure to respirable crystalline silica (RCS). DDF subjects (n = 5) had radiologically severe disease (mean ILO 2/1) with lower zone-predominant irregular opacities. Widespread emphysema, with no zone dominance, was the key radiological feature in those with COPD (n = 18). Conclusion: Radiological findings of particular interest included the high burden of opacities observed and the presence of RCS-associated features in the majority of subjects. Radiologists are at the front line in occupational lung disease screening/diagnosis and must be aware of the imaging spectrum.
Introduction
Coal mine dust lung disease (CMDLD) are a group of occupational lung diseases attributed to the cumulative inhalation of respirable coal mine dust. The pneumoconioses, encompassing coal workers' pneumoconiosis (CWP), mixed dust pneumoconiosis (MDP) and silicosis, are the most well known of the CMDLD and are associated with small fibrotic nodules. In severe disease, the pneumoconiosis nodules coalesce forming a large area of fibrosis (>1 cm) termed progressive massive fibrosis (PMF). Other CMDLDs include dust-related diffuse fibrosis (DDF), characterised by widespread pulmonary fibrotic changes, and chronic obstructive pulmonary disease (COPD), encompassing emphysema and chronic bronchitis. On chest radiograph or high-resolution computed tomography (HRCT), pneumoconiotic nodular scars appear as small, 'dot-like' opacities. The size, shape and profusion of these opacities can be graded to reflect the severity of disease using the International Labour Office Classification System (ILO system) and the International Classification of HRCT for Occupational and Environmental Respiratory Diseases (ICOERD). The ILO system grades the profusion of opacities on chest radiograph across a 12-point scale (0/0 to 3/+). 1 This grading scale reflects the increasing likelihood of lung function impairment and the development of PMF. 2 In a similar fashion, the ICOERD grades the profusion of opacities, inclusive of round, irregular and ground glass opacities, as well as emphysema, across separate 19point scales. 3 Both imaging classification systems are associated with high intra-/inter-reliability and are widely used internationally for occupational lung disease screening programmes, clinical diagnosis and epidemiological research. 1, 3 The increased spatial resolution and 3D nature of HRCT imaging means HRCT of the chest is more sensitive and specific for detection of pneumoconiosis, DDF and COPD, compared to chest radiographs. 4 The higher detail provided by HRCT imaging also allows for the analysis of radiological patterns associated with specific CMDLD. For example, the opacities associated with respirable crystalline silica (RCS) inhalation are rounder, denser and more sharply defined than those associated with pure coal dust inhalation. This relates to the more intense fibrotic inflammatory response triggered by RCS. 5 Additional imaging features which are typical of RCS inhalation include pseudoplaques (the confluence of micronodules in the subpleural aspect of the lung that mimics the appearance of asbestos-related pleural plaques) and lymph node calcification. 5 In 2015, for the first time in over 30 years, a case of CWP was reported to the Queensland Government. The events which followed this initial re-identification have resulted in an overhaul of the coal mine worker's health screening scheme and the diagnosis of the highest number of CMDLD cases ever recorded in Queensland. It is in this setting we undertook this case series with the aim of understanding the radiological presentation of those diagnosed with a CMDLD since 2015.
Methods
This study was a case series of 79 individuals identified as having a CMDLD since 2015. The majority of subjects included in this study (n = 56, 71%) had a diagnosis of pneumoconiosis with CWP (n = 27) being most common, followed by MDP (n = 18) and silicosis (n = 11). Three individuals with pneumoconiosis, one with CWP and two with MDP, also had a secondary diagnosis of COPD. Five subjects (6%) in this study had a diagnosis of DDF; one of these subjects also had a secondary diagnosis of COPD. The remaining eighteen subjects (23%) had COPD only. All subjects were male, with a mean age of 58.9 years (range: 35-90). Cases were identified via the Queensland government's records, and/or by collaborating respiratory physicians. To be included, the subject's employment history in the Queensland coal industry had to be considered the predominant contributor to their CMDLD by their respiratory physician. Cases were excluded if their details could not be confirmed, including their occupational history, medical imaging, spirometry results and final diagnosis. The diagnoses used in this study were those assigned by the respiratory physician using standard criteria inclusive of an ILO grade of ≥1/0 and/or a ICOERD-summated round opacity grade ≥2, or for COPD cases, an FEV1/FVC ratio <0.7 attributed to occupational dust exposure rather than cigarette smoking. The mean tenure of the study group in the coal industry was 26.2 years (range: 6-45). Available imaging was retrospectively reviewed by a chest radiologist (KN), who holds current sub-specialist accreditation for the ILO system (B-reader certification). Most subjects (74/79) had both a chest radiograph and HRCT from the time of diagnosis available for retrospective review. A chest radiograph only was available for four subjects, and one subject had a HRCT only. All radiological findings were characterised and recorded as per the ILO and ICOERD standards, 1,3 inclusive of determining opacity type and grading profusion, in addition to determining the presence of other radiological features such as PMF, lymph node calcification and pseudoplaques. Ethics approval for this study was granted by the UnitingCare Health Human Research Ethics Committee (reference: 2016.26.206).
Results

Radiological presentation of subjects with pneumoconiosis
In the 56 subjects with pneumoconiosis, radiological severity across the spectrum was observed, as demonstrated on chest radiograph by ILO grades from 0/1 to 3/ 3 ( Table 1 ). The most common ILO classification was category 1, with 71% of pneumoconiosis subjects graded as ILO 1/0, 1/1 or 1/2. The remaining 29% of pneumoconiosis subjects had ILO grades ≥2/1, which is considered the threshold for advanced disease. The overall profusion grade as assessed by ILO and ICOERD increased across the specific diagnoses and was most severe in silicosis (mean ILO: 2/1, mean ICOERD summated round opacity: 9.5), compared to MDP (mean ILO: 1/2, mean ICOERD summated round opacity: 7.5), and CWP (mean ILO: 1/0, mean ICOERD summated round opacity: 6.1) ( Tables 1 and 2) .
Six cases of PMF were present in the study group with two subjects with PMF within each of the pneumoconiosis diagnoses. All six subjects had a chest radiograph available, and 5/6 had a corresponding HRCT ( Fig. 1) . A total of eight PMF lesions were observed on five of the chest radiographs. Chest radiograph missed the presence of PMF in one subject who had a 10-mm lesion (size A) observed on HRCT. In the five PMF subjects with HRCT available, the mean size of the observed PMF lesions was 31.4 mm (range: 10-70 mm). HRCT also identified coalescence of nodules, which precedes PMF, in an additional five subjects.
In terms of distribution, pneumoconiosis opacities were widespread, with bilateral upper zone predominance. In total, 72% of lung zones on chest radiograph were graded as having a positive ILO, with a mean of 4 (range:
1-6) lung zones being positive per pneumoconiosis subject. Similarly, on chest HRCT, 79% of lung zones were graded as positive for opacities, with a mean of 5 positive lung zones per subject (range: 2-6). All pneumoconiosis subjects had at least one of two upper lung zones impacted by opacities on chest radiograph, while HRCT showed both upper zones were impacted in all subjects (Fig. 2) . In addition to being the most commonly impacted, the upper zones were also typically the most severe sites of disease, evidenced by the highest profusion grades being observed in an upper zone in 70% of cases on chest radiograph, and in all but three subjects on HRCT (95%).
In terms of opacity type, small rounded opacities were most commonly observed, on both chest radiograph and HRCT. On chest radiograph, this was demonstrated by the rate of p-type (round opacities <1.5 mm) and q-type (round opacities 1.5-3 mm) being the most common opacity types, comprising 35.5% and 34.5% of opacities observed, respectively ( Fig. 3 ). Irregular shaped opacities (s, t, u-types) were relatively uncommon, making up 21.8% of opacities seen on chest radiograph. This was 
Negative chest radiograph (ILO 0/1) but positive chest HRCT (ICOERD summated round opacity grade ≥2). Radiological review of CMDLD in Queensland also demonstrated on HRCT as ICOERD summated grades for irregular opacities and ground glass opacities were low across all pneumoconiosis subjects (mean grades 0.4-1.1) ( Table 2 ). The presence of emphysema was also low across the pneumoconiosis subjects evidenced by the low ICOERD summated emphysema grades.
A high proportion (81%) of the pneumoconiosis subjects demonstrated at least one of three radiological features described in the literature as being suggestive of RCS exposure (Fig. 4) . These features being first, r-type opacities (round opacities >3 mm) on chest radiograph, which were not observed in any CWP subject but were seen increasingly in subjects with MDP and silicosis ( Fig. 3) . Second, calcified lymph nodes on HRCT, which were observed in two subjects with CWP, while being seen in six and eight subjects with silicosis and MDP, respectively. Third, pseudoplaques on HRCT, which were variable in their presence, being observed in 17 subjects, of whom five had CWP, six had MDP, and six had silicosis.
Radiological presentation of DDF
The five subjects with DDF tended to present with radiologically severe disease. On chest radiograph, the mean ILO grade in DDF subjects was 2/1 (range: 1/0-3/3) and all opacities were small and irregular (s and t-types) (Fig. 5 ). The mean ICOERD summated irregular opacity grade on HRCT was 8.6, approximately eight times higher than that observed in any other diagnoses subgroup. On HRCT the key radiological feature observed in DDF subjects was a pattern of usual interstitial pneumonia (UIP)-like irregular opacities with lower-zone predominance. All DDF subjects had their disease graded as being most severe in the lower lobes bilaterally. However, distribution was widespread overall, evidenced by 25/30 zones (83%) being positive for irregular opacities. In regard to the radiological features suggestive of RCS exposure, no DDF patients had r-type opacities, two subjects had calcified lymph nodes and one had pseudoplaques. 
Radiological presentation of COPD
The eighteen subjects with a diagnosis of COPD only, either had no pulmonary opacities (n = 14) or had a small number of opacities which did not reach the positive threshold for pneumoconiosis (n = 4). The mean ILO grade of subjects with COPD was 0/0, reflecting the nonnodular nature of this disease. Unsurprisingly, the key radiological feature observed in COPD subjects was emphysema. On HRCT, subjects with COPD had a mean summated emphysema grade of 5.3, being almost double the mean of any other diagnoses sub-group (Table 2) . Those with COPD had a total of 62/102 lung zones impacted by emphysema, with each zone having between 15 and 30% of the zone impacted. Emphysema changes were widespread without any distribution pattern seen. Radiological features suggestive of RCS exposure were rare, with r-type opacities not being present in any COPD subject, while one subject had calcified lymph nodes and another one subject had pseudoplaques.
Discussion
The broad spectrum of occupational lung diseases that occur in coal industry workers was observed in this case series. Not surprisingly in this work group, the majority of subjects presented with CWP. In these men, disease was radiologically mild, with 89% demonstrating ILO grade 1 disease on chest radiograph. Workers who were exposed to a combination of coal and RCS dusts during their careers, as assumed based on clinical diagnoses of MDP or silicosis, had more severe disease, evidenced by the higher mean grades of radiological disease observed.
Overall, approximately one third of the study subjects with pneumoconiosis were diagnosed at a time when their radiological presentation would be considered severe disease. Delayed medical diagnosis is a likely cause of this high rate of advanced disease, as the health scheme covering the Queensland coal industry was deemed ineffective between 1984 and 2016. 6, 7 Key relevant reasons for this ineffectiveness include poor-quality chest radiographs and a lack of review by specialist chest radiologists with experience in occupational lung disease. In hindsight, it is somewhat surprising the cases reviewed in this study where not detected earlier, as even in those without advanced disease, the burden of opacities was high. Every pneumoconiosis subject reviewed in this study had Radiological review of CMDLD in Queensland profuse opacities in both their upper lung zones, and over 60% had every zone impacted by opacities, on both chest radiograph and HRCT. This highlights the importance of radiologists being aware of the appearance of occupational lung diseases. Further, given the complexities in identifying occupational lung diseases and determining a specific diagnosis, a multi-disciplinary approach comprising specialists who are aware of dust exposures and the pursuant clinical and radiological implications is critical in ensuring patient's receive timely and accurate diagnosis. This case series is the first look into CMDLD in Queensland since the 1984 review of 7,784 current and retired coal workers by Dr Rathus and Dr Abrahams. 8 In the 1984 review, 75 individuals with CWP were identified, with 33% having an ILO ≥2/1 (8) . Considering the technological advances regarding dust mitigation that have occurred in the mining industry since 1984, the consistent identification of advanced radiological disease in approximately one third of positive workers is a matter of concern. Only a small number of international studies have similar rates of advanced radiological disease; for example, in the USA, 11 of 30 subjects with CMDLD had an ILO grade ≥2/1; and a Chinese study found that 143 of 595 subjects with CMDLD had grade 2 or 3 disease. 9, 10 Internationally, numerous reasons for more advanced disease have been determined, including the small size of mining operations, narrow seam mining and excessive exposure to RCS. 11, 12 Two of these described factors are not applicable to Queensland, where coal mines are large-scale operations of wide seams. Exposure to RCS was clearly a contributing factor to the development of disease in the study subjects, evidenced by the clinical diagnoses assigned by the treating specialists and supported by 81% of subjects having a radiological feature considered indicative of RCS exposure.
Chronic exposure to RCS is recognised as more hazardous than coal dust alone and has been associated with higher grades of disease, faster disease progression and a greater risk of development of PMF and lung cancer. 13, 14 An epidemiological study of approximately 91 000 US coal miners found that a specific radiological feature indicative of RCS exposure (r-type opacities on chest radiograph) has increased in recent decades in line with a proportional increase in the prevalence of PMF. 14 Further, a US histopathological study also supported the role of RCS in rapidly progressive cases of pneumoconiosis in coal mine workers. 15 The observation of RCS-related radiological features in the Queensland coal mining industry therefore raises the need to establish the prevalence of CMDLD, and the proportion of advanced pneumoconiosis, in the Queensland, and Australian, context.
Limitations of this study include its retrospective nature and small size. The small size of this study is predominately due to the rarity of these diseases, with our study including 79 of the approximately 100 currently identified cases of CMDLD in Queensland. 16 Further, the most common forms of CMDLD seen in this case series were the pneumoconises. Selection bias may in part account for this given these CMDLD are specific to dust exposure. In comparison, COPD may potentially be under-represented in our series relating to the difficulty in determining the underlying cause of COPD, as the presentation of smoking and dust-related COPD is identical. Finally, this study did not incorporate any data on dust exposure levels or dust constituents; thus, the exposure of subjects to dust containing RCS is an assumption based on the occupational histories reported to the respiratory physicians and the presence of radiological features.
In conclusion, this study was the first look at the radiological presentation of CMDLD in Queensland in over thirty years, and the first ever to incorporate HRCT imaging. The full spectrum of CMDLD diagnoses and severity was observed, with approximately 30% of subjects having advanced disease. Surprisingly, even those who presented with disease of mild radiological severity had the majority of their lungs impacted by opacities. Radiologists are at the front line in both screening and diagnosis of occupational lung disease, and it is hoped this case series sheds light on what CMDLD looks like in 2019.
